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ORIGINAL ARTICLE
Currently, the survival rate of out-of-hospital car-
diac arrest (OHCA) is only around 1.4% in
Taiwan.1 One of the main reasons is that there is
only a one-tier emergency medical services (EMS)
system. The general public has been asking for im-
provements to the EMS system for many years. So
tfar, the most effective EMS system, with the highes
OHCA survival rate, is a two-tiered EMS system
with basic life support (BLS) followed by advanced
life support (ALS),2,3 which Taiwan can reference.
ALS care may be provided either by emer-
ygency medical technicians (EMTs) or emergenc
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in a two-tiered emergency medical services (EMS) system.
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2.6% for the EP program. The incremental cost-effectiveness ratio (ICER) of EMTs vs. rEPs was US$21,136 pe
life saved. The ICER was sensitive to hospital admission cost changes and the probability of survival to dis-
charge in patients admitted to hospital in the EMT program. The increased survival rate of OHCA patients in
the EMT program may be attributable to the services of the hospital and/or the EMT program.
Conclusion: The use of EMTs as ALS care providers for OHCA patients in the two-tiered EMS system re-
sulted in a reasonable cost-effectiveness ratio. EMTs could be considered as the second tier of EMS systems
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physicians (EPs). In North America, ALS care is
mostly conducted by EMTs,3 while in Europe, it
is mostly done by EPs.2 There has been no formal
analysis comparing the cost-effectiveness between
these two types of ALS providers. Considering that
developing countries, such as Taiwan, have lim-
ited medical resources, this kind of analysis is
needed. Therefore, we conducted a study to inves-
tigate the cost-effectiveness of two models of pro-
viding ALS services, EMTs vs. EPs, in a two-tiered
EMS system.
Methods
Study design
This was a prospective, observational, multicenter
study of ALS services provided by EMTs vs. EPs for
the management of victims of OHCA. In this study,
we performed a cost-effectiveness analysis to deter-
mine the economic attractiveness of improvement
to the EMS system. We also performed sensitivity
analyses wherein the baseline variable was varied
to determine the effect on the results. The study
was approved by the institutional review board of
the Department of Health, Taiwan.
Study setting and population
Taipei city is located in the northern part of Taiwan
and has a population of 2.7 million people and
is 106.7 square miles in size. During the study
period, the EMS system was provided by a single
response system, consisting of EMTs and fire-
fighters for BLS without defibrillation, and the
transportation of patients to responsible hospitals.
All EMTs are trained with a standard 60-hour
curriculum, according to guidelines from the
Department of Health.1
A pilot project of hospital-based ALS service
sponsored by the Department of Health was
started in mid 1999 with nine participating EMS
hospitals. In one of the hospitals, National Taiwan
University Hospital (NTUH), five EMTs were
specially trained in BLS and ALS skills, and dis-
patched to ALS services. In the remaining eight
hospitals, EPs were dispatched to the scene upon
ALS activation. The participating EMTs and EPs
were all Advanced Cardiac Life Support (ACLS)
certified and followed the same ACLS protocols.
The study population consisted of patients
experiencing OHCA of non-traumatic origin
with ALS activation, transported by EMS to nine
rmedical centers in Taipei city, between Novembe
1999 and December 2000. When an ALS call was
made within an 8-minute perimeter of NTUH, a
first responder team, including firefighters and
one of the five EMTs, would be dispatched. The
dispatched EMT would provide ALS care in the
yfield and transport the patient to the Emergenc
tDepartment (ED) of NTUH. In the other eigh
participating medical centers, ALS care was pro-
vided by duty EPs. These duty EPs were all well
trained in ALS care. If an ALS call was made within
an 8-minute perimeter of one of these eight medi-
cal centers, a first responder team, including fire-
fighters and a duty EP, would be dispatched. The
duty EP would provide ALS care in the field and
transport the patient to the nearest medical center.
Measurements and outcome variables
The outcome measurements for this study were
raggregate costs, survival and incremental cost pe
life saved. These outcome variables were calcu-
lated for both EMT and EP programs.
tWe performed our analysis from a governmen
perspective. Costs were converted to US dollars
with the use of the average annual exchange rate
for 2000 (e.g. US$1 = NT$31.23).4 tCosts were no
fdiscounted because of the short time frame o
our analysis. Future costs accruing after discharge
of survivors from hospital and indirect or intan-
gible costs were not determined.
gThe EMT and EP programs were run accordin
to the standard two-tiered EMS system. Apart from
the difference in personnel costs, the EMT and EP
fprograms shared the same costs of the first-tier o
the EMS system and the equipment costs of the
second-tier of the EMS system. Therefore, these
costs were canceled out in the decision analysis
because they have no effect on the incremental
cost-effectiveness ratio (ICER). The EMT program
personnel costs included wages, benefits and
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training. The EP program personnel costs, however,
included extra wages for the provision of ALS
care by EPs. The average personnel costs of each
OHCA patient in the two programs were calcu-
lated by the respective personnel costs of these
two programs divided by their own number of
ALS calls made during the study period. We iden-
tified the costs of emergency care in the EDs and
hospital admission by averaging the National
Health Insurance reimbursement to NTUH in-
curred by OHCA patients during the study period.
The mean cost of hospital admission per patient
was separately calculated for patients who were
discharged alive and for those who died in the
hospital.
Survival was the clinical outcome for this
study. All OHCA patients were followed to deter-
mine their status on hospital discharge. Survival
was defined as discharge from the initial hospi-
talization after resuscitation. Cost-effectiveness was
expressed as incremental cost per life saved. The
following information for all OHCA patients was
also recorded: age, gender, witnessed collapse, by-
stander cardiopulmonary resuscitation (CPR),
initial cardiac rhythm, ALS response time. The
ALS response time was defined as the time from
dispatch to arrival of the ALS team on the scene.
Data analysis
The data collected were analyzed under the 
common principles of economic analysis. We
performed a decision analysis by creating a deci-
sion model (Figure 1) to estimate costs and
effectiveness of the two ALS programs. The base-
line analysis was performed with the actual cost
and effectiveness data observed in our study. In
calculating the ICER, we used the following 
formula:
We also performed sensitivity analyses to deter-
mine whether changes in the value of the pro-
portion of survival to admission, the proportion
of survival to discharge and the cost components
would affect the ICER. A computer program
(DATA 3.5; TreeAge Software Inc., Williamstown,
MA, USA) was used for all calculations in the
Adecision analysis. Demographic data of all OHC
patients are expressed as mean ± standard devia-
tion or number (%). Comparisons between groups
were performed using Fisher’s exact test for cate-
gorical data.
Results
ADuring the 14-month study period, 158 OHC
patients were identified. The demographic data
of these patients are displayed in Table 1. There
was no significant difference in age, gender, rates
of witness collapse and bystander CPR, initial
cardiac rhythm and mean ALS response time be-
tween the EMT and EP programs.
Costs and effectiveness of the two ALS pro-
tgrams are displayed in Table 2. It was found tha
the mean personnel costs per OHCA patient were
US$173.80 and US$36.39 for the EMT and EP
programs, respectively. The mean cost for emer-
Agency care in the ED was US$172.21 per OHC
patient. The mean hospital costs for patients dis-
charged alive and patients who died in the hospital
were US$14,203.74 and US$2086.85, respectively.
AThe overall survival rate was 4.4%. The OHC
patients in the EMT program were more likely to
survive to admission (p<0.01). Four (9.3%) patients
in the EMT program (95% confidence interval, CI,
2.6–22.1%) and three (2.6%) patients in the EP
program (95% CI, 0.5–7.4%) survived to hospi-
tal discharge (p = 0.09). Unfortunately, they were
all discharged in a vegetative state.
ICER
Cost (EMT) Cost (EP)
Survival (EMT) Survival (EP)
=
−
−
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OHCA
EMT
Admission
Die in the ED
Die
Survive
Emergency physician
iF gure 1. f fDecision model or advanced li e support (ALS)
programs. The square node represents the choice of ALS
programs. Circles are chance nodes. The subtree following
“Emergency physician” is the same as the subtree following
“EMT”. OHCA = out-of-hospital cardiac arrest; EMT = emer-
gency medical technician; ED = emergency department.
Baseline analysis
Table 3 shows the results of the baseline analysis
of the two ALS programs. The expected total cost
for one OHCA patient was US$2248.19 for the
EMT program and US$832.07 for the EP program.
The expected survival for one OHCA patient was
0.093 for the EMT program and 0.026 for the EP
program. The ICER of the EMT program compared
with the EP program was US$21,136 per life
saved.
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Table 2. Cost and effectiveness of two advanced life support provider programs for out-of hospital cardiac
arrests (OHCA)
EMT program EP program
Cost per OHCA patient (US$)*
Personnel costs 173.80 36.39
Mean emergency care cost in ED 171.21 171.21
Mean hospital cost for patients discharged alive 14,203.74 14,203.74
Mean hospital cost for patients who died in hospital 2086.85 2086.85
Effectiveness (%)
Survival to admission 37.2† 14.8†
Survival to discharge 9.3 2.6
*According to average annual exchange rate for 2000; †p < 0.01 (Fisher’s exact test). EMT = emergency medical technician; EP = emer-
gency physician; ED = emergency department.
Table 3. Results of baseline analysis of one out-of-hospital cardiac arrest patient in two advanced life
support programs
Program
Expected total Incremental Expected Incremental ICER
cost (US$)* cost (US$)* effectiveness (life) effectiveness (life) (US$/life saved)
EP 832.07 – 0.026 – –
EMT 2248.19 1416.12 0.093 0.067 21,136
*According to average annual exchange rate for 2000. EP = emergency physician; EMT = emergency medical technician; ICER = incre-
mental cost-effectiveness ratio.
Table 1. Demographic data for 158 out-of-hospital cardiac arrests*†
EMT program (n = 43) EP program  (n = 115)
Age (yr) 66.4 ± 18.7 63.4 ± 19.2
Male 26 (60.4) 72 (62.6)
Witnessed collapse 19 (44.2) 48 (41.7)
Bystander CPR 3 (7.0) 20 (17.4)
Initial rhythm
VF or VT 4 (9.3) 6 (5.2)
Pulseless electrical activity 7 (16.3) 6 (5.2)
Asystole 31 (72.1) 93 (80.9)
Other 1 (2.3) 10 (8.7)
ALS response time (s) 232.8 ± 143.2 293.9 ± 227.3
*Data are presented as mean ± standard deviation or n (%); †there was no significant difference between the two ALS programs. 
EMT = emergency medical technician; EP = emergency physician; CPR = cardiopulmonary resuscitation; VF = ventricular fibrillation;
VT = ventricular tachycardia; ALS = advanced life support.
Sensitivity analysis
We changed the values of all variables by ± 30%
away from their baseline values and each time only
one variable was changed. We identified several in-
fluential variables on the ICER of the EMT program
compared with the EP program (Figure 2). The
ICER of the EMT program was fairly sensitive to
changes in the mean cost of hospital admission for
patients discharged alive. The ICER would increase
to US$25,394 per life saved if the mean cost of
hospital admission for patients discharged alive
increased to US$18,465. However, if this cost de-
creased to US$9943, the ICER would decrease to
US$16,878 per life saved. The mean cost of hos-
pital admission for patients who died in the hos-
pital had an effect on the ICER. When this cost
increased to US$2713, the ICER would increase to
US$22,603 per life saved. The probability of sur-
vival to discharge for patients admitted to the hos-
pital in the EMT program also influenced the ICER.
When this probability changed between 0.175 and
0.325, the ICER would change between US$27,642
and US$18,465 per life saved, respectively.
The personnel costs of the EMT and EP pro-
grams did not have a significant influence on the
ICER of the EMT program compared with the EP
program. Our results were also insensitive to chan-
ges in the value of the cost of emergency care in
the ED and the probability of hospital admission
after survival in the ED in the EMT program. The
probabilities of hospital admission and survival
to discharge in patients admitted to hospital in
R the EP program did not influence the ICE
significantly.
Discussion
Improvement of an EMS system may require huge
societal resources. It also competes for resources
with other medical programs as well as non-
rmedical societal priorities. Such competition fo
resources is especially obvious in developing coun-
tries where medical resources are fewer than those
in developed countries. Cost-effectiveness analysis
is a method used to evaluate the costs and the out-
comes of interventions designed to improve health,
and it may serve as a guide for resource alloca-
tion.5 We performed such an analysis and found
that the use of EMTs for ALS care in a two-tiered
EMS system is an economically attractive choice.
In comparison with other medical interven-
tions, the EMT program was more cost-effective
than thrombolytic therapy for acute inferior wall
myocardial infarction,6 cholesterol-lowering ther-
apy7 and activated protein C therapy for severe
sepsis.8 It is also more cost-effective than im-
provement from a one-tiered to a two-tiered EMS
ff f fCost-e ectiveness o  advanced li e support
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Mean hospital cost for patients
discharged alive, $
Mean hospital cost for patients who
died in the hospital, $
The probability of survival to
discharge in patients admitted to the
hospital in the EMT program, %
Baseline analysis
9943 18,465
1461 2713
32.5 17.5
0 10 20 30 40
Incremental cost-effectiveness, $ (in thousands per life saved)
iF gure 2. l f h l ff f h d h hOne-way sensitivity ana yses o  t e incrementa  cost-e ectiveness o  t e EMT program compare  wit  t e EP
program. The bars indicate the variability of the incremental cost-effectiveness ratio (x axis) caused by changes in the
fvalue of the indicated variable, all other variables being held constant. Labels on the horizontal bars indicate the range o
each one-way sensitivity analysis. All costs are in US dollars according to the average annual exchange rate for 2000.
EMT = emergency medical technician; EP = emergency physician.
system.9,10 The ICER of an EMT program is 1.45
times the 2000 Taiwan gross domestic product per
capita11 (US$14,519). As a result, it is reasonable
to choose EMTs, not EPs, as ALS providers if a two-
tiered EMS system is going to be implemented.
No previous study of head-to-head comparison
of EMTs and EPs as ALS providers in a two-tiered
EMS system is available. In our study, the effective-
ness of the EMT program was better than that of the
EP program for victims of OHCA. However, in
North America and Europe,3,12–14 it seems that the
effectiveness of both systems are comparable in
terms of survival to discharge. One possible reason
that may explain this difference is because our EPs,
although well-trained in ALS, were not very familiar
with performing resuscitation in the pre-hospital
environment. In contrast, EMTs, who work full-
time in the pre-hospital field, are more confident
with resuscitation in this environment. We per-
formed sensitivity analyses to explore the effects of
this clinical uncertainty. Further studies may be
needed to confirm our result and explore other
reasons.
The personnel costs of the EMT and EP pro-
grams did not influence the ICER of the EMT
program considerably. This is mainly because the
hospital cost for OHCA patients comprised about
85% and 75% of the expected total costs of the
EMT and EP program, respectively. The results of
our sensitivity analyses showed that when the
effectiveness of the ALS programs was getting
better and the proportion of hospital admission of
OHCA patients became higher, the hospital cost
will have greater weight in the projected total cost.
In terms of costs, the key issue in treating an
OHCA patient was their hospital costs, not the
cost of ALS care in the EMS system.
The survival rate of OHCA patients in Taipei
city was only 1.4%1 and is considered very low
when compared with the fitted survival of 5.2%
in a one-tiered EMS system.3 The most common
initial cardiac rhythm of OHCA in Taipei is asys-
tole,1 while in Western countries, it is ventricular
fibrillation.15,16 One possible explanation is that
the underlying etiologies of OHCA in Oriental
countries may be different from those in Western
countries.1 Therefore, we believe that the effec-
tiveness of any improvement of the EMS system in
Western countries may not be totally reproducible
in Oriental countries. We suggest that the effective-
ness should be verified again if a two-tiered EMS
system is to be implemented in Taiwan. Based on
our study, the use of EMTs as ALS providers in a
two-tiered EMS system had significant positive
effects on the survival rate of OHCA patients
compared with that of a one-tiered EMS system.1
There were several limitations in our analysis.
Firstly, physician bias may exist in our study. The
Amedical personnel responsible for treating OHC
patients in the medical centers were unblinded to
the interventions in our study. However, they were
blinded to the outcomes of OHCA patients in
other medical centers. Further, only one ALS pro-
gram was carried out in the pre-hospital care of a
medical center. Therefore, the direction and mag-
nitude of this bias is unclear. Secondly, only the
personnel cost of the ALS programs in the EMS
tsystem was included in our analysis. We did no
intend to compare the cost-effectiveness of a
two-tiered system to that of a one-tiered system.
We also believe that the equipment costs of the
EMT and EP programs were similar because these
 programs complied with ALS standards. The
topportunity costs of the EP program were no
easy to estimate and therefore were not included.
However, if these costs had been included in the
study, the ICER of the EMT program would have
 been lower and the EMT program would
have become more favorable. Cost data used in
ythe analysis were not discounted because we onl
focused on the acute stage of OHCA. We followed
our patients until they were discharged from the
 hospitals and the longest hospitalization was
99 days.
Due to limited funding of the program, the
EMT program was carried out in only one medi-
fcal center (NTUH). The increased survival rate o
OHCA patients in the EMT program observed in
fthe study may be attributable to the services o
the hospital and/or the EMT program. The exter-
nal generalizability of our results warrants fur-
ther studies.
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The number of OHCA patients in our study
was not very large. However, with the time and
resource constraints on the decision to select the
appropriate ALS provider model to improve our
EMS system, it would be logistically unfeasible for
us to conduct a much larger study. Efforts were
made in the study, including multiple sensitivity
analyses, to improve our ability to deal with the
effects of clinical uncertainties. Future studies
would involve large-scale, multicenter, prospec-
tive, randomized, controlled studies to assess the
validity of the costs and benefits estimated here.
Our study demonstrated that in this Asian
metropolitan EMS, the use of EMTs as ALS care
providers for OHCA patients in a two-tiered EMS
system resulted in a reasonable cost-effectiveness
ratio. Based on the finding of the study, we suggest
that EMTs with ALS capability could be a feasible
second tier in EMS systems in urban areas of
Taiwan.
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